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It Isn’t Being Done Now! 











OT SO long ago it was fairiy 
common to walk into an engine 
room, or a shop, and see an oiler 

or an engineer mixing a batch of evlinder 


oil into his machine oil. 


His plea was that his machine oil 
wasn't heavy enough and he had to load 


it up with the heavier cylinder oil. 


Expensive? Yes. 


But, what's worse— 
INEFFICIENT 


Because this procedure was hit or miss, 
and he never got the same mixture twice. 
And then he had no guaranty that these 
oils would) mix properly—and © stay 


mixed. 


In actual practice in a refinery it re- 
quires the most careful manipulation and 
study of temperatures to get a fixed mix 
ture, such as he was trying to get in his 


crude wav. 


But it isn’t being done now! 


Careful engineers and informed master 
mechanics and oil buyers now buy from 
reliable oil companies, carefully made 
machine oils of the proper viscosity for 
the purpose. 


Such oils are. 


TEXACO NABOB OIL 


A medium-bodied external lubricant 


TEXACO ALEPH OIL 


! 


A heavy-bodied machine and engine 


lubricant 
TEXACO ALTAIR OIL 


An oil with a verv heavy body and very 


high lubricating qualiuies 


These oils are always the same no mat- 
ter where or when vou buy them. They 
are made to meet different: mechanical 


conditicns—and they do. 


They save money and power loss, be- 
cause having the correct body and high 


lubricating quality, they prevent undue 


friction. 


These three oils are cxamples drawn 
froma list of Texaco Lubricants designed 
to meet every conceivable mechanical 
condithe Nn. 

a ae 
L« ( iz Xaco Mec han al | ngineers tell 


vou what oils to use—and how much, 


That's one way to cut down power bills 
and repair charges, and it’s a good way 
because your superiors will like it, inas- 
much as it does not entail any expense 


for mechanical devices or Improvements. 


Think it over and drop us a line. We 


are On our toes to serve you. 








THE TEXAS COMPANY 
Texaco Petroleum Products 


Dept. H, 17 Battery Place, New York City 


NEW YORK °* CHICAGO *° HOUSTON 


Offices in Principal Cities 
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Shoe Machinery* 


OT many years ago shoe making was 

practically a one-man job. Now a pair 

of shoes, in order to be made up to 
modern perfection, often has to pass through 
as many as 210 pairs of hands, and there may 
be as many as 170 machine operations on it 
before it is finished. But in spite of the variety 
of operations and the number of machines em- 
ployed, production. efficiency has greatly in- 
creased. A modern plant turning out about 
20,000 pairs of shoes a day, requires about 2,000 
employes, though of course the number may 
differ somewhat, depending on character, finish 
and style of shoe. Nevertheless, when this is 
compared with the time required by an old- 
time shoemaker to cut out and sew up a pair of 
shoes by hand, the great strides made during 
the last few years in rapid production are 
easily realized. 

This is only a small part of the story, how- 
ever. A comparatively few years ago, shoes 
were all made alike with no rights or lefts, and 
there were only two widths, stouts and slims. A 
stout last was made by fitting a pad over the 
slim last. The breaking in of a pair of shoes 
was quite a dreaded major operation, and one 
postponed as long as possible. Today, if you 
keep to the same last, you can put on a new 
pair of shoes and wear them without discom- 
fort except for a little stiffness. The comfort 
of a correct fitting shoe is now within the reach 
of all instead of, as formerly, a thing that could 
only be enjoyed by the rich. This has been ac- 


complished in a few years by means of a large 
number of interesting man-replacing machines 
and the division of work by efficient organiza- 
tions. ‘These machines are designed to operate 
accurately and quickly, for although the shoe 
operator is usually on a piece work basis and 
any lack of application on his part might at 
first sight seem to be his own concern, neverthe- 
less the operating company has an investment 
in him and the plant, and it is essential that 
every assistance possible be given to produce 
accurate work and do it rapidly. This has re- 
sulted in the development of intricate machines 
with large numbers of small moving parts so 
that just the proper action is given and it is 
done accurately without lost motion. To attain 
this efficiency, however, these machines must 
be properly lubricated, for a gummy or tight 
bearing may not only slow down operation or 
put the machine and others depending on it out 
of commission, but also may cause the produc- 
tion of inaccurate and unsalable work. We 
will discuss the various machines used in shoe 
making, and the proper oils to use in order to 
give them efficient lubrication. 


General 


The process of shoe making can be divided 
into several distinct general operations which 
may be differentiated by the different rooms or 
departments in which they are carried on. First 
the leather and linings are cut to proper size, 
then stitched together to form the upper. The 


*Appreciation is expressed for the cooperation and assistance in the preparation of this article rendered by Thomas 


| G. Plant Company and United Shoe Machinery Corporation. 


[37] 











LUBRICATION 


completed upper is then drawn to proper shape 
over a last and attached to the insole. The 
outsole is put on, the heel attached and finally 
the shoe is finished for the market. There are 
several types of processes but at the present 
time the Goodyear Welt Process is in most 
general use, while the McKay sewed, the 
Turned, and other processes are becoming 
We will follow through a pair 
of shoes made by the Goodyear Welt Process, 


less employed. 


only referring to other processes where they 
differ materially. 
Design 

The first step in the procedure of manufactur- 
ing a shoe of new design is to make a model last 
incorporating the new ideas. In all ordinary 
shoes and even in feet there are certain fixed 
standard dimensions and relationships which 
have been accepted after considerable experi- 
ence, and the last maker must conform to these 
regardless of his desires to make a new shape. 
He is greatly limited as to what changes he 
may make from other standard shapes. When 
the model last has been made in one standard 
size and width, lasts of other sizes and widths 
can be made from it by means of a “last turn- 
ing’ machine. This is a very ingenious ma- 
chine of pantograph principle, in which a small 
roller or guide follows the lines of the model 
and transmits the motion to a small knife or 
tool cutting the new last. By setting a num- 
ber of indicators to the size and width desired, 
the new last is automatically turned to a similar 
shape as the model last, but of proper size and 
width. Such a machine is made possible on 
account of the fixed relationships of dimensions 
mentioned above, but was only developed after 
long study and experimentation. After the 
last is shaped it must be furnished with a metal 
heel plate and a portion of it must be hinged so 
that it can easily be removed from the shoe 
after the latter is formed over it. This hinge 
operates along the principles of a toggle, so 
that by making a slight movement the pressure 
at the heel is quickly removed and the last can 
be withdrawn from the shoe without difficulty. 

Besides the last, patterns must also be made 
which serve as guides in cutting the various 
pieces from which the shoe is assembled. Simi- 
larly, as in the case of the last, one model pat- 
tern is made, corresponding to a standard size 
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and width for each separate piece of leather or 
cloth to be used. With it as a guide a panto- 


graph “grading” machine cuts patterns for 
other sizes and widths according to the setting 
These patterns are then 


Where the 


production of one type or style of shoe is large, 


of the indicators. 
bound with metal for durability. 


light metal dies are made so that the pieces may 
be cut out more rapidly andaccurately by means 


of a press or special machine for the purpose. 


Cutting and Skiving 

When an order is received in a factory, a 
number of dated tags are prepared, giving all 
the details as to lot number, quantity, sizes, 
widths, styles, material, method of manufac- 
ture, etc. These tags are sent to the various 
sources or departments where operations on the 
various parts begin. On receipt of his tag the 
stockkeeper lays out the material necessary and 
it is sent with its tag to the various cutting 
rooms where the proper patterns or dies are 
assembled. 

Cutting is either by hand or machine. When 
by hand the metal bound patterns are used and 
a sharp knife on a wooden block quickly lines 
out the material. In the case of cloth linings 
and sometimes cheap leather outers a number 
are cut at the same time by a press using a die. 
The best leather parts, however, are cut singly 








Courtesy of United Shoe Machinery Corp. 


Fig. 1.—Clicking Machine. In this machine the pieces are cut by 
means of pressure momentarily exerted on a very light steel die placed on 
the leather. Thisis moved around in such manner as to give the maxi 
mum amount of leather from the hide, taking into consideration the pur- 
pose for which the cut piece is to be used. 
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hig 2.—Stitching Room, In some of the larger plant 


even if a die is used. This is done on what ts 


called a “clicking” machine, which is so ar- 
ranged that the operator can inspect the leather 
carefully before cutting so that no faulty 
material is used. The operator also must use 
judgment in placing his die or pattern, as 
leather stretches differently in the various parts 
of the hide and along different directions. In 
cutting he must consider the future treatment 
the leather must undergo. The dies used in the 
“clicking” machine must be so light that the 
leather will not be injured in sliding over them. 

The dies may he so constructed as to give 
match marks along the edge, or prick punches 
at various other points so that future operators 
can use them as a guide in assembling. 

Some edges of the leather show in the finished 
product, so in order to give a neat appearance 
these edges are shaved off to make a wedge. 
The shaved portion is then covered with 
cement, folded and hammered down, either by 
hand or a machine. This is called skiving. 
The ornamentations on tips, vamps, foxings, 
etc., are put in by small punching machines. 
There are several types of these, some doing the 
whole job at once while in the case of others the 
operator must direct the punch along a line or 
design. Before stitching the parts together, 
reinforcing strips are sometimes cemented 
where most useful. 

Stitching Room 
After all the parts of the upper are cut out 


Courtesy of T. G. Plant Co. 
, rooms of this size are devoted entiré ly to one operation. 


they are tied together and sent to the stitching 
room where they are sewed together with ex- 
traordinary rapidity. Stitching may be di- 
vided among several different types of machines 
according to the quantity and type of work 
passing through. In some cases one bank of 
machines will simply do a single operation. 
The machines are arranged so that if desired 
four rows of stitching can be run at once, with 
white thread inside and black or colored thread 
These stitchers make about 600 
stitches a minute when run up to normal 


outside. 
capacity. An interesting machine is the stitch 
rubber which smooths out what would other- 
wise be rough seams, as in the case where vamps, 
quarters or foxings join at the heel. 

The next process is putting in the eyelets. 
Some machines do this on both sides at once, 
while others put the eyelets in singly, the two 
sides being matched together. As later on the 
upper must be drawn tightly over the last, it 
must be laced so as to give it the proper open- 
ing at the throat. This is done by a lacing 
machine which puts a cotton cord through all 
the eyelets nearest the throat of the shoe and 
ties a bow knot simply by one stroke of a lever. 

The upper is now ready to receive its sole 
This is done in the sole leather room. 

Sole Leather Room 

At the same time that an order tag was sent 
to the upper room, another was sent to the sole 
leather room where the outsoles, insoles, coun- 
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In this machine the eyelets 


she 


» § are 


Fig. 3—Eyeletting Machine. 
quickly 


placed and riveted in the upper of the ”, 


ters, toe boxes and heels are made ready. Many 
manufacturers buy these parts already cut out 
in a separate factory, and just assemble them 
for their own work. Wherever made, they are 
cut to size on dieing out or ““dinking” machines. 
Toe boxes and counters are formed to approx- 
imately the shape that will be required later. 

In order to toughen them, the soles are 
placed in a “rolling” machine where the fibres 
are condensed under great pressure. This pro- 
cedure corresponds in effect to the hammering 
formerly given by the old time shoemaker in 
If the 


soles are too thick or uneven they are reduced 


order to increase their wearing ability. 


to proper thickness by a “splitting” machine. 
In order that the soles may be sufficiently soft 
and pliable to conform easily to the shape de- 
sired later on, they are placed in a special tem- 
pering room. Here the temperature and humi- 
dity are kept at just the right point to give the 
best results. 

The insole is treated in a similar manner to 
the outsole, but in addition it is channeled. 
This process consists of cutting a slit about 14’ 
wide diagonally inward around one edge or 
corner and turning up the thin edge or lip thus 
made at right angles to the sole. The machine 
that cuts this edge also cuts a small channel 
around the sole and on the surface, which serves 
as a guide in sewing the welt or inseam. 

The proper last is then selected and its in- 
sole tacked to it. 
tached corresponding to the order are now 


The lasts with insoles at- 


placed on one or more shoe racks which are 
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wheeled out to meet the uppers coming from 
the stitching room. 
Lasting 


Each upper is fitted over its proper last, the 
toe boxes and heel counters being inserted. 


The upper is then tacked temporarily in position 
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to the last at the heel by two small tacks driven 
partly in. The last with its upper and insole is 
next passed to the “pulling over” machine. 
In this machine a number of pincers grasp the 
leather at different points on each side of the 
toe, and when a foot lever is pressed the leather 





Fig. 4 


Pullerover. 
grasped by a number of clips which the operator cause 
over the toe of the last by pushing a lever. 
the exact position of the upper, in relation to the last, by adjusting 
levers, and when finally satisfied as to the accuracy of the work, pushing 
his main lever again causes the upper to be tacked to the last in the 
proper position, 


In this machine the leather of the upper is 
to be pulled 
He can further manipulate 


is drawn tightly over the toe. Its exact position 
can be further adjusted by the workman movy- 
ing different levers, and when he is satisfied that 
the upper is properly placed, he pushes the foot 
lever again, which causes the pincers to wipe 
the leather around the toe. At the same time 
a number of tacks are driven partly into the 
This 


holds the upper firmly in the correct position. 


last through the insole around the toe. 

The shoe is next passed to the “lasting” 
machine where the leather is drawn tightiy and 
evenly around the last, so that when the oper- 
ation is completed the leather is stretched 
equally in all directions. This machine has a set 
of pincers which grasps the material at one posi- 
It then re- 
peats the operation until all the edge is tacked 


tion, stretches it and drives tacks. 
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Fig. 
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Lasting Machine. In this machine the upper leather is 
1 the last and tacked through the insole 


5 
form stretch aroun 


temporarily into position, 


down. Lasting is a very important operation 
and the workman must use considerable judg- 
ment in making a perfect job. The leather is 
then drawn around the heel and toe by sets of 
friction wipers so that there are no wrinkles. 
After the leather is drawn around the toe it is 
held by a fine wire fastened on each side of the 
toe. The surplus leather keeps the wire from 
slipping. The heel is tacked down hard to the 
insole, the tacks clinching against the iron on 
the heel of the last. 

The leather of the 
rimmed away and pounded out smoothly along 


excess upper is next 


the edge of the last. In the lighter grades of 
shoes the upper is stapled to the channel lip 
of the insole and the tacks withdrawn. 


Welting 

The shoe is now ready to receive the welt. 
In sewing the welt to the insole and upper, the 
needle only passes through the welt, upper and 
lining, and enters the insole so that no stitches 
protrude into the shoe, thus leaving a smooth 
the foot. 
After the welt is sewed on, the insole 


surface for This is illustrated in 
Fig. 7. 
tacks are all withdrawn by a machine, and the 
assembly is passed to a trimming machine 
where all the excess parts of the shoe upper, 
lining and welt are cut away almost down to the 


stitches. The welt is now beaten down with a 
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“beating and slashing’” machine so that welt 
stands out around the shoe and the latter is 
As the 
welt leather is bent around the toe there is a 
This 


is taken care of by a machine with a rapidly 


reasonably smooth across the bottom. 
tendency .o draw along the outer edge. 


vibrating hammer which beats out the welt. It 
has a little knife which at the will of the oper- 
ator, makes a series of short diagonal cuts along 
the edge. 

The bottom is now evened up with a filler, 
usually of ground cork and rubber cement, and 
Both the filling 


and outsole are coated with rubber cement and 


is ready to receive the outsole. 


” 


are ready for the next process, “sole laying. 





Courtesy of United Shoe Machinery ( or} 


Fig. 6. Welt Sewing Machine. 
quickly sewed to the upper and insole, 


By this machine the welt is 


in the manner indicated in Fig. 7 


In this a heavy rubber pad formed to the 
The as- 


sembly of upper, last and insole with the outsole 


desired shape of the shoes is used. 


held in proper position, is pressed heavily into 
this pad and allowed to remain there a few 
minutes in order to permit the cement to set in 
The sole and welt are next 
trimmed with a “rough rounding” machine so 


proper position. 


that the sole protrudes the proper amount be- 
yond the upper. At the same time a channel or 
slit is cut around the edge of the outsole and the 
lip thus exposed turned up as in the case of the 
insole. The shapely appearance and style de- 
pends in a great measure on the skill of the 
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workman with the ‘trough rounding” machine. 

In order to make the shoe shapely and pli- 
able, the edges of the sole in the shank are often 
bevelled away. The heel portion of the sole is 
next nailed securely, the nails clinching inside 
against the last. This portion of the sole is 
then trimmed. 
the operations of nailing and trimming heel 


In the making of men’s shoes 


seats generally comes before rough rounding. 


Sole Stitching 

The outsole is now stitched to the welt by a 
very powerful and intricate machine, the 
stitches following the channel previously cut 
in the sole. The stitch used in this operation 
is of such a character and the thread so waxed 
and treated that the sole may wear down con- 
siderably without the sole and welt becoming 
separated. 

Cement is next placed in the sole channel and 
the lip cemented down, covering the stitches. 
Before this 


is done, however, the shoe is passed through 


It is now ready to receive the heel. 
the “sole leveling” machine. In this a vibrat- 
ing roller under very heavy pressure passes over 
the sole into the shank and around the edges, 
removing every possibility of there being any 
unevenness in the bottom of the shoe. 

The heel is next nailed on without the top 
lift. 


no heads are allowed to protrude slightly above 


In nailing the heel, the nails which have 


the surface of the heel, so that the top lift can 
be finally simply pressed on, leaving no nail 
heads exposed. Before the top lift is pressed 
on, cement is placed on it in order to secure 
good attachment to the heel. As a protection 
against wear, brass slugs are driven around 
the back edge of the heel. The top lift has 
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Cross-sectional view showing various types of shoe construction: 
C. Pegged Shoe. 
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been cut to exact size before being put on and 
serves as a guide for trimming the heel, which 
is done by a “trimmer.” The shank edge of 
the heel is trimmed by a “breasting’ machine. 
This is adjusted very exactly by means of a 
finger so as to prevent cutting into the shank, 
Our 


shoe is now all shaped and ready for finishing. 


and yet remove all surplus heel stock. 


Other Processes of Manufacture 
In the McKay process of sewing shoes there 
is no welt and the stitches hetween the outsole 
and insole appear inside the shoe. In this proe- 
ess the lasting tacks also are not removed and 
See Fig. 7. This 


method of sewing is used more generally in the 


appear inside the shoe. 


manufacture of the cheap and medium grades 
of shoes. 

Screwed and pegged shoes are made simi- 
larly to the McKay method except that instead 
of the outsole and insole being sewed together 
In the 


screwed shoe a coil of wire with continuous 


they are screwed or pegged together. 


thread is used, which rotates so as to screw the 
wire through the leather. This is done by an 
interesting machine which has an automatic 
arrangement so that the screw is forced just so 
far through the leather and remains flush with 
the surface without protruding. 

The pegged shoe is made similarly to the 
screwed shoe except beachwood pegs are used 
instead of screws. 

The “turned” shoe is made wrong side out. 
It has no insole, the upper is sewed directly to 
the sole, both of which are inside out when 
After the surplus part of 
the shoe upper and lining have been trimmed 


placed on the last. 


the last is removed and the shoe is turned right 
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Courtesy of United Shoe Machinery Corp. 


Fig. 8. Rounding and Channeling Machine. In this machine 
the excess leather on the outsole and welt are trimmed away so that they 
protrude a uniform distance from the edge of the shoe. A channel is 


also cut in the eal rside to hold the thread 
side out and lasted again. This type of shoe re- 
quires the very best leather, which must be 
light and flexible. 


Finishing 

A number of machines are necessary for fin- 
ishing. ‘The edges are cut and ground to proper 
shape and treated with hot wax which is bur- 
nished into the leather in order to give it a last- 
ing finish. The sole is buffed to the desired 
It is then blacked or colored an’ pol- 
ished on various machines. The last which in 
the making of a Goodyear welt shoe, has re- 


finish. 


mained in the shoe throughout all operations 
is now removed and the shoe is placed on a 
“treeing’” nachine. Here a form in the shape 
of the Jast but smaller is expanded to fill out 
the shoe snugly. All wrinkles are rubbed out 
and the shoe is given its final treatment before 


packing. 
Lubrication 


rt . . . 

lhe machines used in the shoe industry con- 
tain in their intricate parts almost every kind 
of motion devised in mechanical engineering. 


Chey act almost human. To produce these 
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motions and actions there are rubbing and slid- 
ing surfaces of all types with varying pressures 
and at vastly different speeds. To get minimum 
frictional resistance and hence least loss of 
power, an oil or grease should be selected which 
has just enough viscosity and oiliness to keep 
But in every 
machine there are many different bearing pres- 


the metal surfaces from touching. 


sures and if the above rule were applied strictly 
each machine might require a dozen different 
oils. This manifestly is impractical from an 
Also there should be a 
factor of safety in oiling. It is much better to 
use an oil a little more heavy or viscous than 


operating standpoint. 








Courtesy of Ur 


ted Shoe Machinery Corp. 


Fig. 9. 
and the ) 
out readily even though the sol 
channel on the sole is 


In this machine the outsole 
her with a lock stitch that does not pull 
eis well worn away. After stitching, the 
cemented down to cover the stitches. 


Outsole Stitching Machine. 
oget 


welt are stitched t 


is absolutely necessary, than to run the risk 
of a stuck bearing and a laid up machine. The 
lubricating engineer should aim to satisfy all 
the requirements of a machine with as few 
oils as possible—only one if practical—for oils 
look more or less alike and are apt to get mixed. 
This same reasoning may be made to apply to a 
whole room or bunch of machines, so the final 
recommendation in any particular case may 
depend on the layout of the factory. 

In general, machines which have heavy bear- 
ing unit pressures and slow rubbing speeds, 
require an oil of 300’-500” viscosity Saybolt 


Oo Ty . vy 
at 100° F. or a medium grade of grease. This 
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Courtesy of United Shoe Machinery Corp. 


Fig. 10.—Sole Leveling Machine. In this machine very heavy 


pressure is applied to the sole so as to roll out any unevenness, 


applies to such machines as Sole Leveling, Jack 
Rollers, large Splitters, Insole Tackers, ete. 
If the speed is slow but the pressures are low, 
an oil of 180’’-300” viscosity can be used. 
Examples: Inking Machines, Breasters, Click- 
ing Machines, Pull Overs, ete. 

As rubbing speeds of shafts or surfaces in- 
crease, oils of less viscosity are practically ap- 
plicable. In this type of machine an oil of 
150’’-200” viscosity is sufficiently heavy to 
take care of all the requirements. Examples: 
Skivers, Stapling Machines, Channeling and 
some Trimming Machines. 

With machines running at very high speed, 
as Edge Trimmers, or those where pressures are 
small, as Upper Stitchers, the viscosity of the 
oil need not be over 150” Saybolt, but one of 
180” will do no harm. 

In cases where oil may fly and injure the 
fabric it is often advisable to use a grease in- 
stead of an oil, even though the latter would 
be more efficient. 

The use of a vegetable or animal oil is not 
recommended as most of such oils when ex- 
posed to the air oxidize to form a gummy sub- 
stance which clogs oil holes and bearings. Only 
a well refined mineral oil should be used but it 
should be applied systematically. This latter 
perhaps is the salient feature of shoe machinery 
lubrication. The thousands and thousands of 
bearings must be kept well lubricated and it 
should not be left to haphazard methods. 
Usually an operator is required to keep his own 
machine well oiled, with the general result that 
it is over-oiled and there is not only a waste 
but the machine and surrounding floor are oil 
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soaked. 


ing a gum which not only may plug up oil holes 


This oil takes up dust and dirt, form- 


but also gets on the hands and clothing of 
The 


problem therefore is to keep machines well oiled 


operators and from them to the fabric. 


but not over-oiled, and care should be taken to 
impress this upon the operators. If properly 
handled it is believed that all machines can be 
lubricated by two or three oils of varying vis- 
An oil of 180” 
200” viscosity should take care of light machin- 


cosity,and one or two greases. 


ery, and one of 450’’-500" of heavy machinery. 
Another oil of about 800” viscosity also would 
he found advisable for medium speeds and 
loads. If these oils are made right the results 
will be right. A light bodied grease and a gear 
compound should take care of the cases where 


the use of grease is essential. 


Conclusion 

In many industries the introduction of ma- 
chinery to replace hand labor has resulted in 
the employment of a less skilled type. In shoe 
It takes more skill to 
run a shoe machine properly than it did to 
The final 
perfection of product is dependent on each 


making this is not true. 
make a pair of shoes in olden times. 


operator, and the efficiency of the whole organ- 


ization depends on each unit. — Inspection, 
“crownings,” are frequent and an_ inefficient 
worker is soon weeded out. In similar manner 
the production by every machine is dependent 
on the proper running of each of its parts, and 
every bearing surface is dependent on correct 


lubrication. 





Courtesy of United Shoe Machinery Corp. 


Fig. 11.—Shoe Tree. After the shoe is completed, the last Is 
removed and the shoe is placed on a shoe tree and any imperfections o1 
roughness are smoothed out and the shoe finally made ready for packing 
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Flow of Oil in Pipes 


N THE July, 1920 issue of LUBRICATION 

there was a partial discussion of the funda- 

mental principles underlying the rate of 
flow of oil in’ pipe lines and two tables were 
given to assist anyone in calculating the approx- 
imate pressure necessary to force oil through 
different sizes of pipes at certain definite rates. 
These tables were based on the data available 
at that time and considered both 
viscous or straight line flow and turbulent flow. 
If. in flowing through a pipe the oil followed the 
viscous flow law, that is, if the velocity was 
sufficiently low that the liquid flowed like a 
large number of concentric tubes without inter- 
mixing, a certain definite formula, Poisseuille’s 
Equation (see Fig. 1), held with fair accuracy. 
This equation simply said that the pressure 
necessary to force oil through a definite length 
of pipe was directly proportional to the velocity 
and viscosity of the liquid and inversely propor- 
tional to the area of the pipe cross-section 
opening. 

When, however, the velocity reached a cer- 
tain critical value or region the liquid became 
turbulent and acted like a lot of balls rolling 
this 


equation did not hold, and several attempts had 


over each other. In case Poisseuille’s 
heen made to formulate the pressures necessary 
but these did not agree very closely with each 
other. 

Some recent work carried on at the Massa- 
chusetts Institute of Technology* has greatly 
cleared these discrepancies and given us a 
method of calculation much simpler than any 
previous one. It was shown that one formula 
could be used to cover practically all cases, 
provided the constant was varied according to 
a fairly definite law. This equation originally 
developed by Fanning is as follows: 


Kflse 


) 
/ D 
f=a_ variable friction factor: 
| =length; s = Specific Gravity of liquid; v= 


Velocity of liquid and D = Diameter of pipe. 


p= Pressure; 


The Flow of Fluids bre ugh Commercial I Ipe Lines I « , 

. ’ : é > Line sv Robe k 
Wilson, W. H.] feAdams and M. Sel T ur U str } an un 

\ N ry \ " ind M. Seltzer, Jour. o Industrial und I de» 


the case of 


k is aconstant depending ot .nits used and not 
on independent functions of all four variables 


It was shown 
. 


as has been generally assumed. 
by Blausius in 1912 that f was a function o 


| ) , & 
where 


is the absolute viscosity of the 


liquid. In the case of viscous flow the relation- 


ship followed the simple law f= 0.00207 


Devs 
which if substituted in Fanning’s equation gave 
that of Poisseuille. In the region of turbulent 
flow, however, the relationship was not so 


simple but it was definite; that is, for every 


value ~ there was a definite f. Therefore by 


calculating for any particular case f was 


determined, which, substituted in Fanning’s 
equation, gave the correct value of the pres- 
sure drop. 

Messrs. Wilson, McAdams, and Seltzer made 
a large number of determinations of f from their 
own data on several sizes of pipes and various 
viscosities of oils and at different velocities. 
These values were plotted on a chart similar to 
Fig. 1. 


other experiments on gases and liquids were 


All the reliable available data from 


plotted also, and found to agree reasonably 
well with their own experiments, so this can 
he now considered to be the latest word on 
flow of oil. 

It is to be noted in this plot that in the tur- 
bulent flow region the value of f varies accord- 
ing to the condition of the inner surface of the 
pipe. This was to be expected but with a little 
judgment an engineer should have no difficulty 
in getting true values. 


Elbows 

Messrs. Wilson, McAdams and Seltzer also 
determined the effect of Elbows upon the pres- 
sure drop in a line of pipe. “The most con- 
venient method of expressing the frictional re- 
sistance due to an elbow of a given size is in 
terms of “equivalent length” of straight pipe 
which will give the same resistance to the flow of 


a given liquid.” It has been found practical to 
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e e . D Us 
express this as a function of the modulus 


and the average resulting curve from many 
experiments is shown in Fig. 1. The ordinate 
in this plot shows the number of pipe diameters 
which must be added to a length of pipe to 


allow for the effect of each elbow. This is com- 


Ry ee ; 
puted against the value of - which an engi- 


neer will have computed already in determining 
f. 
Methods of Calculation 


“The calculation of the drop 


through a pipe line under any specified set of 


pressure 


conditions is a very simple matter. The steps 


involved may be outlined as follows: 
1. Caleulate the value of 


Q 


or its equiva- 


lent, 0.408 ” if Q is known rather than r) 


If there is 
any uncertainty as to the measurement or 


for the fluid and pipe in question. 


estimation of any of the quantities, see the 
subsequent section on determination of the 
known quantities. 


2. By referring to Fig. 1 find the value of f 


Yrs 


which corresponds to this value of using 


the curve corresponding to the degree of rough- 
ness of the pipe in question. For values of 
Dus 

less than 0.002, extrapolations on the 


~ 


straight 45° line for viscous flow may readily 
be made by dividing the abscissae by 10 (or 
100) and simultaneously multiplying the ordi- 
nates by 10 (or 100). 


3. Using the same value of — refer to Fig. 
1 for the equivalent length of straight pipe cor- 
responding to each 90° elbow. Multiply this by 
the number of elbows, convert the correction 
from pipe diameters into feet, and add it to the 
length of straight pipe. (Note that two elbows 
very close together, or a return bend, have less 
effect than two elbows some distance apart.) 

4. Insert this value of f in the modified 


: : : l si . ‘ 
Fanning equation, Pp -0.393f or Its equl- 
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flsQ° 


valent, p =0.0538° “and obtain the pres- 


sure drop directly. This method and this for- 
mula should be used regardless of whether the 
liquid is in viscous or turbulent motion.” 
“The foregoing procedure must, of course, 
be slightly modified in case the permissible or 
available pressure drop is known and it is 
desired to calculate any one of the other five 
quantities which may be unknown in a given 
practical problem.” The factors used in the 
Fanning equation are all easily computed with 
little danger of error except perhaps the specific 


gravity (s) and viscosity (z.) 


Specific Gravity 

“The value of specific gravity, s, must be 
expressed in units relative to water at 39° F. 
(temperature of maximum density). In other 
words, it is equivalent to the true density in 
grams per cc. Specific gravity figures are fre- 
quently given relative to water at some other 
temperature than 39° F. (4°C.) and hence are 
subject to some slight correction to give the 
proper value of s for use in the foregoing 
equations.” 

Viscosity 

The factor viscosity (z) in this article is the 
absolute viscosity and is expressed in centi- 
poises. In order to obtain absolute viscosity 
both the Saybolt viscosity and the specific 
gravity must be known. There are a number 
of tables giving the relationship between Say- 
bolt time and kinematic viscosity, which is 
absolute viscosity divided by specific gravity. 
See LUBRICATION, June, 1921. One for- 
mula recently developed is 

? : : wir 180 
kinematic viscosity =0.216 ‘T — 


where T= Saybolt time in seconds. 


Velocity 
“Velocity should be expressed in feet per 
second, and means the effective average veloc- 
ity in the pipe, obtained by dividing the rate of 
discharge in cubic feet per second by the cross- 
Data 
may be transposed from gallons per minute to 


sectional area of the pipe in square feet. 


velocity in feet per second, or vice versa, by 
0.408 Q, 
D* 


the conversion formula v, = 
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Limitations of Method 
“The data and methods of calculation given 


April, 1922 


(such as paraffin wax) on the walls or in the 


in this article cover substantially the entire 


field of the flow of all fluids, including gases 
and dry vapors, through commercial pipe lines. 
There are, however, a few exceptions which 
should be carefully noted before attempting 


to use the formula in certain spe- 
cial cases. These may be specified 
as follows: 

1. The method is not directly ap- 
plicable to the flow of gases where the 
drop in pressure along the pipe line 
is more than 10 or 15°% of the final 
absolute pressure, because the den- 
sity and velocity of the fluid are 
thereby changed. If, however, aver- 
age values are used for the density 
and velocity, instead of the initial 
or final values, this formula may be 
used for pressure drops up to 40 or 
50°, without serious error. 

2. The method is not applicable to 
flow through short sections of pipe 
opening into large chambers where 
the entrance and exit losses ave ap- 
preciable in comparison w:th the 
friction losses through the pipe. 
These losses become inappreciable 
when the pipe is more than 1000 dia- 
meters long, and may generally be 
neglected for approximate calcula- 
tions for lines longer than 300 
diameters. 

3. The method is not applicable 
to the flow of semi-solid plastic 
materials, such as asphalt, clay sus- 
pensions, very viscous colloidal solu- 
tions, etc., where the laws of flow are 
modified by the tendency of the 
material to behave like a solid under 
certain conditions. However the 
curves apply to certain crude oils 
four thousand times as viscous as 
water at room temperature. 

4. Precautions must be observed 
and highly accurate results cannot 
be expected in cases: (a) where the 
pipe is badly corroded or tubercu- 


lated, and the apparent value of f 


may increase to double that given 
in the form », owing partly to a 
decrease in the effective cross-sec- 
tional area; (b) where a hot oil is 
passing through a pipe line with 
viscous flow motion, and the exis- 
tence of a large temperature gradient 
from the inside to the outside makes 
accurate calculations practically im- 
possible; and (c) where there is any 
tendency to precipitate out solids 
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bottom of the pipe lines. 


“With these exceptions it is believed that the 


recommended method of calculation is appli- 
cable to an entirely satisfactory degree of ac 
curacy to all commercial problems involving 
the flow of fluids through pipe lines.” 


Flow of Oils Through Commercial Pipes 


Size of 

Pipe 2 
and Pa 
Ay'ge|" 
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Dia. | 
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Pore 
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g’ | 500 | 
8.03 |1000 

11500 | 

2000 


11000 
12” }2000 
12.05 |3000 








14000 | 
5000 | 


Capa-| Pressure in Ibs. per square inch per 100 feet of 


pipe based on Oils of 20° Baume Gravity 


VISCOSITY IN SAYBOLT SECONDS 
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To change capacities from gallons per minute to barrels [42 gals.] per hour multiply pres 
sures by 1.43. To change from pressures per square inch per hundred feet to pressures per 
square inch per mile multiply by 52.8. 
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Do You? 





Do you protect your equipment to the limit? 
You do, you say. 
You use the best lubricants you can get. 


You feed the right amount of oil; you inspect 
bearings, guides and gears regularly; you keep 
things in good shape. 


All right, that’s fine! 





sut Suppose You Knock Off For a Few Minutes 
and Ask Yourself These Questions: 

Is my oil house as clean and orderly as my engine room? 
Am I proud of my storage facilities? 
Do I have oil barrels emptied into tanks right away, or do 
I let them stand around and collect dust, dirt and rain? 
When I have oil cans standing around machinery, do I keep 
them clean, thus keeping grit out of the bearings? 

—Is my oil carefully labeled to prevent mistakes on the part 
of oilers? 

6 —Have I a good checking system to let me know accurately 

how much of each kind of oil I am using per unit, or per shop? 

—Do I know promptly when any kind of oil is running low? 
Do I insist that all employed around here use oils only for the 
purpose intended? 


Is my oil filtering system adequate and is it regularly inspected 
and cleaned as soon as necessary? 





[' YOU can vive an unqualified 100°, Henee, by pooling their CX Pe riences, 
YES" to all those nine questions, we can give youa pretty good idea of the 
why, then, your “Harp and Halo” are — best form of oil sterage, equipment and 
awaiting you. records for YOUR plant; and thus we 
: ; can help you in vour attempt to achieve 
But seriously, we want to tell you this: perfection. 
Texaco Lubrication Engineers travel 
through hundreds of plants, shops and Now, in addition to giving vou the 
mills weekly. They see many fine things. — right oil for anv purpose, Texaco Lubri- 
Whenever one or more of the above fea cating Engineering Service can tell vou 
tures are manifested at nearly 100°, how to use these oils to the best possible 
perfection, they take notes. advantage. 


THE TEXAS COMPANY 
Texaco Petroleum Products 
Dept. H, 17 Battery Place, New York City 


NEW YORK * CHICAGO * HOUSTON 


Offices in Principal Cities 














The vitalinstant 


in a motor 


comes When compression is complete, piston at top 
and spark fires. Every ounce of traction delivered 
to the rear wheels results from the action of the gas 
at that vital instant. Upon the degree of volatility 
of the gasoline depends the translation of every 
molecule into maximum energy at that vital instant, 


TEXACO GASOLINE 
THE VOLAT7/LE GAS 


(Volatility is the readiness with which gasoline gives up its power 


The high volatility of Texac oO ( rasoline comes inte ¢ Vi 
dence in many ways; perhaps most unmistakably in the 









congestion of city traftic, where its delivery of quick 
impulse in response to the accelerator is sure to be ob 
served and appreciated, 


Texaco Motor Oils are full-bodied lubricants and 
are distinguished by their clean. clear color. Light 
medium, heavy and extra-heavy—they fit all cars 


and all conditions. You will tnd them wherever 
you see the Texaco red star*. ' 


THE TEXAS COMPANY, U. S. A. 


Texaco Petroleum Products 


*In ten vears th onsumpt 
of Texaco’ Lubri 
has increased irom 300,000 
gallons per month to 7,500,000 
gallons per month. 
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